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Introduction
At pres ent, ur ban ar eas con cen trate a large num ber of ac tiv i ties and pop u la tion in a lim ited space. This im plies the im por ta tion and use of mas sive en ergy re sources [1] . The ma jor ity of the im ported re sources are not re new able and a huge quan tity of waste is gen er ated. Large im bal ances are caused by the in flows and out flows of ma te ri als, al ter ing se ri ously the eco sys tems where re sources are taken. Due to the ex ploi ta tion of re sources and the dis charge of waste these eco sys tems are dou bly dam aged.
Ap prox i mately 20% of world's pop u la tion, most of them in hab it ants of ur ban ar eas in de vel oped geo graph ical ar eas, con sume 80% of the nat u ral re sources. Fore casts in di cate that in 202,5 75% of the pop u la tion will live in ur ban ar eas im ply ing an in crease of 25% over the cur rent sit u a tion.
Cit ies have a com plex way of func tion ing. They use large quan ti ties of en ergy and ma te ri als in or der to pro vide ser vices to cit i zens and to cre ate nec es sary in fra structure. The ques tion is: will the fu ture in crease in en ergy and ma te ri als con sump tion be sustain able with the growth of pop u la tion in ur ban ar eas?
Dur ing the last de cade var i ous au thors have de vel oped dif fer ent meth od ol o gies for the cal cu la tion and anal y sis of en ergy and en vi ron men tal costs of dif fer ent types of sys tems. The study of costs in ur ban ar eas can be il lus trated as a "black box" where there are big in flows and out flows of ma te ri als and en ergy [2] in or der to sup ply the com plex city struc ture.
The en vi ron men tal costs can be di rectly ana lysed from the cal cu la tion of en ergy costs. From these costs it is pos si ble to cal cu late the cit ies' green house ef fect be cause all the end uses of en ergy cause gas emis sions and ther mal pol lu tion. This en vi ron men tal cost anal y sis [3] , which con sid ers the trans for ma tion of the spent en ergy in CO 2 , al lows the bal ance be tween CO 2 emis sions and CO 2 con sump tion for a spe cific area to be defined.
The pol lu tion at trib uted to a city can be an im por tant in di ca tor for de ter min ing the ter ri tory that a city needs in or der to as sim i late its pol lu tion. The city's en vi ron men tal costs can be mea sured us ing the ter ri tory's oc cu pa tion [4] . This ra tio has to be cal cu lated con sid er ing the po ten tial oc cu pa tion [5] of the ter ri tory nec es sary for as sim i lat ing the pol lu tion and not con sid er ing only the ur ban ar eas. An other way to cal cu late the en vi ronmen tal costs [6] is the use of "en ergy units" ob tained mea sur ing the en ergy that is nec essary for sep a rat ing and neu tral is ing the emis sions.
The study pre sented here has been un der taken in the frame work of the "Costurbis" Pro ject (mean ing "ur ban ar eas' costs) and its prin ci pal aim is to quan tify the en ergy in flow of cit ies and its en vi ron men tal im pact. A new vi sion of en ergy flows is proposed by this pro ject. It anal y ses the real causes of mas sive en ergy con sump tion. Dif ferent ur ban ar eas are com pared high light ing pos si ble ac tions for their fu ture sustainability. The con trol of en ergy and en vi ron men tal costs in ur ban ar eas [7] [8] rep re sents, there fore, an es sen tial in stru ment in or der to achieve cor rect re source plan ning. Re source mod elling pro vides a global vi sion of the real op er a tion and the tech no log i cal ba sis for the sustain able man age ment of ur ban ar eas.
Methodology

Summary
The meth od ol ogy can be sum ma rised in the fol low ing points:
(1) Selection of the urban areas for analysis and definition of the main targeted sectors. (2) Summary, comparison and analysis of information and energy data. The size, Med i ter ra nean weather con di tions, and socio-eco nomic fea tures have been con sid ered in the se lec tion of ur ban ar eas.
The Mu nic i pal i ties ana lysed have been grouped in three ba sic types. (1) Small towns (1,000-2,000 in hab it ants) lo cated in ru ral ar eas that have as prin ci pal ac tiv i ties agri cul ture and live stock breed ing, (2) Me dium towns (10,000-18,000 in hab it ants) whose prin ci pal sec tors are in dus try, ser vices and the ag ri cul ture and breed ing sec tors, and (3) Large towns (30,000-50,000 in hab it ants) that have a socio-eco nomic struc ture char ac terised by the pri macy of the ser vice sec tor and a strong in dus trial sec tor.
Res i den tial, ser vices and road trans port sec tors were mainly ana lysed. In the infor ma tion col lec tion phase, data re lated to en ergy con sump tion and equip ment for the year 2000 was gath ered. Like wise en ergy di ag no sis in sev eral cen tres of the ser vices sector (in clud ing City Coun cil's (pub lic) build ings and pub lic light ing) were car ried out. On the other hand, in res i den tial and trans port sec tor the pop u la tion gave use ful en ergy in forma tion through a sur vey dis trib uted through sev eral high schools by ran dom sam pling. In this sur vey the en ergy use hab its, the main con sump tion and en ergy equip ment of houses, as well as the most com mon trans port method were asked. The data col lected was then ex trap o lated to the to tal pop u la tion.
Data about global con sump tion and as so ci ated costs for the towns pro vided by the gas and elec tric ity sup plier com pa nies were also used. Man ag ing all data col lected, the global en ergy flows and the en vi ron men tal im pact as so ci ated [10] (con sid er ing the emis sions to the at mo sphere de rived from the en ergy gen er a tion and con sump tion) were cal cu lated for the towns. Af ter eval u at ing the en ergy flows cross ing the ur ban ar eas and de tect ing the en ergy in ef fi cien cies, some pro pos als to di min ish the en ergy and en vi ronmen tal costs were es ti mated in or der to ob tain an en ergy model of the Mu nic i pal ity through the Law of Sav ings-In vest ment. This Law per mits an es ti ma tion of the sav ings that a Mu nic i pal ity can make by go ing ahead with a par tic u lar in vest ment.
Sources of error
In the de vel op ment of this study var i ous Lo cal Ad min is tra tions and High Schools were in volved in the sur vey and dis tri bu tion of ques tion naires. The re sults of this col lab o ra tion were quite in suf fi cient: more than 1,100 ques tion naires were dis trib uted but only 19% were col lected and con sid ered valid for anal y sis and ex trap o la tion of results. This dem on strates peo ple's lack of aware ness re gard ing en vi ron men tal is sues at dif fer ent lev els. In or der to sim plify the ex trap o la tion the sam ple was ap prox i mated to be nor mal sta tis ti cal dis tri bu tion. All these fac tors con trib uted to a big ger mar gin of er ror in the ex trap o la tion of re sults.
Results
Energy flows in residential sector
En ergy con sump tion in hous ing de pends on con struc tion fea tures, en ergy systems and equip ment and the hab its of in hab it ants. In small towns 64% of the pop u la tion live in sin gle houses which gen er ally im plies a larger house size. In me dium and large towns this per cent age de creases re spec tively to 28% and 4% re spec tively.
The av er age oc cu pa tion den sity of homes in me dium or large towns is 3.2-3.3 in hab it ants/home, while in small towns in ru ral ar eas the den sity de creases to 2.8 in hab itants/home in con trast with the in creased house size. This fact could be pro voked by the so cial-la bour change ex pe ri enced in ru ral ar eas in rdecent years. The prin ci pal cause of this change was the sep a ra tion of ru ral ac tiv i ties, e. g. small in dus tries and fam ily farms, from pri vate houses with the con se quent in crease in house area. More over, the av er age age of houses is higher in small towns. This im plies that win dow in su la tion is more in ef ficient. These cir cum stances re sult in greater heat ing con sump tion in small towns which rep re sents the most sig nif i cant en ergy con sump tion in pri vate houses.
The pre dom i nance of sin gle houses and cot tages in small towns im plies that almost 100% of heat ing sys tems are in di vid ual. These in stal la tions are ob vi ously less ef ficient than cen tral ised ones. The amount of in di vid ual heat ing sys tems is in versely propor tional to the Mu nic i pal ity's size while cen tral ised in stal la tions in build ing are ob vi ously di rectly pro por tional to the city size. In me dium towns cen tral ised in stal la tions rep re sent 9-10% while in large towns they reach 50% of the to tal.
The avail abil ity of nat u ral gas (which rep re sents cleaner emis sions) in creases in big ger Mu nic i pal i ties prin ci pally due to the al ready ex ist ing net works. Only 50% of homes that use elec tri cal en ergy for heat ing have elec tric ac cu mu la tors and night rate meters, while in the rest in ef fi cient con ven tional stoves are still used. More over, and in spite of what we ex pected, fire wood is rarely used for heat ing (3%) in the ru ral ar eas ana lysed.
Re gard ing home light ing, the use of low-con sump tion lamps and flu o res cent tubes is only found in 45-55% of houses.
An nual en ergy con sump tion per ca pita in ur ban ar eas ( fig. 1 ) is slightly higher than the Span ish an nual av er age [11] , that is 0.21 toe/in hab it ant. Be cause of the dif fer ent home oc cu pa tion den sity in the ana lysed town, it is in ter est ing to con sider the an nual energy con sump tion in each home, which is also higher than na tional an nual av er age, that is 0.71 toe/home.
In the res i den tial sec tor, the ther mal con sump tion is pre dom i nant, rep re sent ing 66% of the to tal en ergy con sump tion of this sec tor. The an nual elec tric con sump tion fluctu ates be tween 3,065 kWh/home in small towns and 3,835 kWh/home in large towns. On the other hand, the an nual ther mal con sump tion per ca pita is 0.18 toe in me dium towns, 0.22 toe in large towns, and 0.33 toe in small towns. Both re sults are di rect con se quences of lower oc cu pa tion den sity of houses in small towns.
The an nual en ergy cost per ca pita in the res i den tial sec tor reaches 240-420 €. Ap prox i mately 59% of this cost is at trib uted to elec tric ity con sump tion.
In the me dium and large towns the en ergy con sump tion in the res i den tial sec tor im plies 44-48% of the pol lut ing emis sions of the town. This per cent age reaches 70% in the small towns be cause the res i den tial sec tor is one of the larg est en ergy con sum ers and the ser vices sec tor is ir rel e vant.
Ta ble 1 shows the pol lu tion emis sions per ca pita as so ci ated with res i den tial sector. 
Energy flows in transport sector
More and more pow er ful cars as well as the in creas ing mo bil ity of peo ple have an nulled the en vi ron men tal ben e fits re sult ing from the im prove ments in car ef fi ciency.
A con se quence of socio-eco nomic de vel op ment is the higher prev a lence of car own er ship. This means an in crease in the average num ber of ve hi cles per ca pita, tab. 2. 
Figure 1. Energy consumption in the residential sector
The av er age den sity of ve hi cles in urban ar eas ex ceeds over comes in 21% the Eu ro pean Un ion rate, that is 451 ve hi cles/1000 in hab it ants. In the urban ar eas ana lysed cit i zens' mo bil ity [12] [13] 
The larg est part of the en ergy consump tion oc curs in ur ban ar eas and in large towns. This is a di rect con sequence of the daily work com mute. How ever, the jour neys are mainly com mut ing runs in the small tows and long jour neys to lei sure ar eas dur ing the week end are the ma jor cause of con sump tion in the large towns. More over, in ru ral ar eas the en ergy con sump tion has in creased due to the cur rent in tensive use of cars, trac tors and other ag ri cul ture ma chines.
Pub lic trans port is six times more ef fi cient than pri vate trans port but in the analysed towns some de fi cien cies were de tected in the pub lic trans port sys tem re sult ing in low us age rates.
In a typ i cal home the fuel con sump tion for trans port is the high est en ergy consump tion. So in me dium towns this con sump tion rep re sents 65% of the to tal en ergy consump tion of homes, while in large and small towns this pro por tion reaches 67% and 55% re spec tively.
An nual en ergy cost per ca pita in fuel for trans port is 500 € ap prox i mately in small and me dium towns. In large towns this cost is slightly higher reach ing 600 €. In tab. 3 the pol lu tion emis sions de rived from trans port are pre sented. 
Energy flows in municipal sector
Al though the mu nic i pal sec tor rep re sents a small part of the to tal en ergy consump tion of the Mu nic i pal i ties, a lo cal pol icy that takes into ac count en ergy op ti mi sa tion cri te ria can have a "mul ti pli ca tion ef fect" to en cour age other us ers to ap pro pri ately manage en ergy. These lo cal pol i cies could be used as the ba sis for fu ture en vi ron men tal protec tion and the im prove ment of cit i zens' qual ity of life.
Pub lic light ing in ur ban ar eas rep re sents al most 50% of elec tric ity costs in the mu nic i pal sec tor. More over, 40% of pub lic light ing on av er age is wasted emit ting light to the at mo sphere (light pol lu tion). An nual elec tric ity con sump tion per ca pita for pub lic light ing ranges from 100-140 kWh and the an nual eco nomic costs as so ci ated are 7-12 € per in hab it ant de pend ing on the Mu nic i pal ity's ur ban struc ture in both cases. The im plemen ta tion of reg u la tion sys tems for light ing level [14] and im prove ments in in stal la tion main te nance would rep re sent an en ergy sav ing of around 20-30%.
Pol lu tion emis sions to the at mo sphere re sult ing from the elec tric ity gen er a tion re quired to pro vide pub lic light ing are pre sented in tab. 4. 
Global energy flows
The an nual en ergy con sump tion per ca pita for ur ban ar eas is around 1 toe per inhab it ant, of which 20% is elec tric ity con sump tion. In small towns the ra tio is 1.13 toe/inhab it ant due to the greater ther mal con sump tion caused by lower house oc cu pa tion. In me dium towns the ra tio is 1 toe/in hab it ant and in the large towns is about 1.23 toe/in habit ant due to the greater con sump tion in the ur ban trans port sec tor.
Re gard ing the par tic i pa tion of the dif fer ent sec tors in to tal en ergy con sump tion of the town, the trans port sec tor is the most im por tant en ergy con sumer re quir ing 52% of the to tal en ergy. Sub se quently the res i den tial sec tor must be con sid ered with an av er age per cent age around 32%, com mer cial and ser vices sec tor with 14%, and fi nally the munic i pal sec tor with 2% of to tal en ergy con sump tion. An nual en ergy cost per ca pita, fig.2 , pres ents few vari a tions in ur ban ar eas, al ways within a range of 930-1,110 €.
The an nual elec tric ity cost per ca pita is sim i lar in the ur ban ar eas ana lysed, about 300 €, while the an nual ther mal cost per ca pita is be tween 630-780 €, which makes up 70% of the to tal en ergy cost of the town ap prox i mately.
Ta ble 5 shows the pol lu tion emis sions per ca pita for to tal en ergy con sump tion in ur ban ar eas. 
Energy modelling: Analysis of improvement potential
Start ing from the iden ti fi ca tion and quan ti fi ca tion of en ergy sav ing ac tions that are nec es sary for rec ti fy ing the de tected in ef fi cien cies, an en ergy model for each Mu nic ipal ity can be ob tained by means of the char ac teri sa tion of the Mu nic i pal ity's Sav ings-Invest ment curves. Con sid er ing the main in ef fi cien cies ex posed, the sav ing pro pos als quan ti fied in this model are as fol lows: In or der to quan tify the re sults two dif fer ent sce nar ios have been taken into account: Scenario A: The possibility of carrying out the proposed actions with the population's current level of awareness. Scenario B: The potential savings obtained by the implementation of the above mentioned actions has been evaluated taking into account the hypothetical results achieved by means of an awareness campaign directed to foment the rational and efficient use of energy among the population. The Sav ings-In vest ment curves have been ob tained ar rang ing the pro pos als for en ergy sav ing ac cord ing to their eco nomic prof it abil ity, from high est to low est.
The ra tio to tal sav ing / to tal in vest ment has been taken as a ref er ence of the profit abil ity of each ac tion. It al lows the eval u a tion of all the dif fer ent types of in vest ments (an nual or multi-an nual) with re spect to the to tal sav ing ob tained over the use ful life time of the par tic u lar in vest ment and nor mal ised by unit of time.
Af ter ar rang ing the pro pos als in or der, the sum to tal of in vest ments and sav ings ob tained is cal cu lated, from the most prof it able to the least and the Sav ings-In vest ment curve is ob tained rep re sent ing these points: The most prof it able pro pos als are dis played at the be gin ning of the model and it is pos si ble to ob serve that some small in vest ments gen er ate big sav ing. In creas ing the invest ment the sav ing grow too, but more mod er ately. The curve reaches the sat u ra tion point for a par tic u lar in vest ment level where an in crease in in vest ment no lon ger re sults in an in crease in sav ings. This as ymp tote limit co in cides with the Mu nic i pal ity's max imum achiev able sav ing (A M ).
In the ob tained curves (figs. 3 and 4) the data are ex pressed in € per ca pita and they can be ex trap o lated to the 3 Mu nic i pal i ties ana lysed.
The in crease of en ergy sav ing ob tained by means of an aware ness cam paign can reach 54% in the large towns, tab. 6. This in crease would reach 76% in the me dium towns and it would join the 383% in the small towns. It means that the aware ness of the pop u lation achieves better re sults in the small towns. Be sides the per ca pita costs of the campaigns are more ex pen sive due to the min i mum costs for car ry ing out the cam paigns. The sat u ra tion co ef fi cient shows the speed with which the max i mum sav ings, A M , is achieved.
This co ef fi cient is in versely pro por tional to the mu nic i pal ity size in sce nario A due to the prof it abil ity of the ac tions car ried out in each case. How ever, this changes rad ically when an aware ness cam paign is un der taken, re duc ing the three co ef fi cients due to the greater in vest ment per ca pita. A sig nif i cant re duc tion is ex pe ri enced in the small towns be cause the per ca pita dis sem i na tion cost would be more ex pen sive, but the amount of en ergy sav ings achieved in creases.
Conclusions
Ana lys ing the above re sults we can con clude that the pres ent sit u a tion of the Mu nic i pal i ties is very far from ideal prin ci ples of sus tain able en ergy use. But im ple menting strat e gies ori en tated to wards the de vel op ment of new cri te ria of sustainability can reverse this sit u a tion. In this sense, to im ple ment the prin ci ples of the Agenda 21 [15] the fol low ing con di tions are ab so lutely nec es sary:
(a) Sustainable local policies have to be put in place by Municipalities in order to obtain a multiplying effect among the population. The implementation of awareness campaigns coordinaated with an environmental educational programme at schools could result in a significant reduction in energy consumption in the Municipalities. (b) Municipalities have to diversify energy consumption and to exploit local resources in order to improve air quality and to reduce greenhouse gases. At present there exists a deeply ingrained use of conventional energy sources, based on a lack of information about the advantages that the use of renewable energies could represent. In this context the promulgation of a Local Ordinance for the incorporation of thermal solar energy systems in buildings and the promotion of biomass (firewood) as fuel for heating are urgent. (c) The massive use of private cars with a low occupancy rate has to be reduced, increasing the use of more efficient means of transport. It is necessary to minimise the urban mobility necessities in the large towns encouraging efficient urban planning and compact urban structures. Likewise, it is essential to promote the use of public transport in order to reach higher usage rates similar to the rates obtained in northern and central European countries. (d) New actions are urgent in order to promote recycling among the population, as well as materials re-utilisation and exhaustive classification of wastes.
Sum ma ris ing, the anal y sis de tected an ur gent ne ces sity to strengthen Mu nic i pali ties' com pe ten cies in en ergy mat ters right across Eu rope. The aim is to pro mote re newable en er gies and en vi ron men tal pro tec tion by means of the im ple men ta tion of Agenda 21 prin ci ples. To pro mote an en vi ron ment where en ergy is used ef fi ciently does not exclude the right of the pop u la tion to the use of en ergy. Tech ni cal in no va tion and R&D in this area have to be fo cused on their direct application in the Municipalities.
